Pigmentation is a fundamental characteristic of living organisms that is used to absorb radiation energy and to regulate temperature. Since darker pigments absorb more radiation than lighter ones, they stream more heat, which can provide an adaptive advantage at higher latitudes and a disadvantage near the Tropics, because of the risk of overheating. This intuitive process of color-mediated thermoregulation, also known as the theory of thermal melanism (TTM), has been only tested in ectothermic animal models [1] [2] [3] [4] [5] [6] [7] [8] . Here, we report an association between yeast pigmentation and their latitude of isolation, with dark-pigmented isolates being more frequent away from the Tropics. To measure the impact of microbial pigmentation in energy capture from radiation, we generated 20 pigmented variants of Cryptococcus neoformans and Candida spp. Infrared thermography revealed that dark-pigmented yeasts heated up faster and reached higher temperatures (up to 2-fold) than lighter ones following irradiation. Melanin-pigmented C. neoformans exhibited a growth advantage relative to non-melanized yeasts when incubated under the light at 4 C but increased thermal susceptibility at 25 C ambient temperatures. Our results extend the TTM to microbiology and suggest pigmentation as an ancient adaptation mechanism for gaining thermal energy from radiation. The contribution of microbial pigmentation in heat absorption is relevant to microbial ecology and for estimating global temperatures. The color variations available in yeasts provide new opportunities in chromatology to quantify radiative heat transfer and validate biophysical models of heat flow [9] that are not possible with plants or animals.
RESULTS
The TTM has never been tested in microbial ecology even though microbial melanization is associated with adaptation and survival to myriad biotic and abiotic environmental stressors [10] . Melanotic fungi exhibit broad environmental niches, and many species are autochthonous of ice-cold habitats thriving in soils, ice, and both the surface and interior of rocks at the Arctic and Antarctic poles [11] [12] [13] . The presence of pigmented microbial communities in such high latitudes suggests that microbial pigmentation provides an advantage in those extreme climates. While analyzing the properties associated with thermal tolerance in fungi [14] , we noted a relationship among the frequency of pigment expression, the ability to grow in high temperatures, and the latitude where the strain was isolated, suggesting that the TTM might also apply to microbiology. Since pigments serve multiple functions in biology, support for the TTM requires evidence demonstrating that color variations (1) are associated with the thermal environment experienced by the organism, (2) should influence their body temperature, and in turn, (3) affect fitness [4] . Furthermore, an unambiguous demonstration of the validity of the TTM would require a system where these conditions can be tested independently of the confounding variables existing with plants and animals [2, 4, 6] . To test this concept experimentally, we took advantage of the capacity of Cryptococcus and Candida spp. to generate various pigments when grown in the presence of different precursors and studied equal masses of these clonogenic variants in their ability to capture heat from natural and artificial electromagnetic (EM) radiation using thermography.
Yeast Pigmentation Is Associated with Phylum, Growth at 37 C, and Latitudinal Distribution Archival records of yeast isolates were used to analyze the relationship between yeast pigmentation and phylum, growth at R37 C, and geographical location for over 600 fungal isolates belonging to at least 2, 22, 116, and 339 unique phyla, families, genera, and species, respectively. Nine colors are defined in our dataset, which were organized into five groups: white, cream-further categorized as light pigments (62%)-yellow-orange, pink-red, and brown-black-categorized as dark pigments (38%) ( Figure 1A ). Dark pigmentation was more frequent in Basidiomycetes, and a significant association between yeast pigmentation and phylum was observed when comparing light-versus dark-pigmented categories (c 2 (1, N = 693) = 85.25, p < 0.000001) and between pairs of color groups ( Figure 1B ; Table S1 ). Most dark-pigmented yeasts showed no growth at R37 C and a significant association between yeast pigmentation, and growth or no growth at R37 C was obtained when comparing light-versus dark-pigmented (c 2 (1, N = 391) = 20.34, p = 0.000006) and between color groups ( Figure 1C ; Table S2 ). A high proportion of dark-pigmented yeasts were isolated from regions outside the Tropics, approximately 20% more frequent than light-pigmented isolates, and a significant association was observed between Table S3 ). Finally, we calculated an association between phylum and geographical location (c 2 (1, N = 228) = 12.15, p = 0.00049), indicating that Basidiomycetes were more frequent outside the Tropics (Table S4) .
Yeast Pigmentation Increases Heat Capture
The genus Cryptococcus comprises a diverse set of species that occupies wide geographical distributions and variable thermal environments (4 C-37 C). Its success is attributed to its ability to produce a thick polysaccharide capsule and assimilate a wide range of nitrogenous aromatics [13, 15, 16] . Some of the most important species include C. neoformans and C. gattii, which are facultative melanotic, thermotolerant, and pathogenic to humans [17] . To quantify how pigments affect heat gain from radiation, we generated 15 pigmented variants of C. neoformans by exploiting the ability of this yeast to generate different pig- ments when cultured in the presence of nitrogenous precursors such as flavines, flavonoids, and catecholamines (Figure 2A ) [19] [20] [21] [22] [23] . The apparent temperature of viable yeast material was determined from emitted blackbody radiation before and after irradiation ( Figure 2B ). Yeast pigmentation resulted in higher temperatures relative to the control or light-pigmented samples following exposure to sunlight, visible, infrared, and ultraviolet radiation, with darker pigments resulting in relatively higher temperature changes ( Figures 2C-2F) . Notably, L-Dopamelanized yeast samples showed the highest heat-capture rate from sunlight with 3.6 C ± 0.05 C/min, which is approximately 30% more than the control sample ( Figure 2G ). This is consistent with the high reflectance (or low pigment-mediated absorption) in the control sample relative to the broadband absorption spectra of melanized yeasts that covered virtually the entire solar irradiance spectrum ( Figure 2H ). Pigment precursors had no significant effects on C. neoformans' rounded morphology ( Figure S1A ). The average cell body diameter was reduced in 3 out of 14 pigment precursors, while the average capsule diameter was different in 8 out of 14 precursors ( Figures  S1B and S1C ). The presence of the cryptococcal polysaccharide capsule had no significant influence on the thermal response when comparing normal versus acapsular mutants ( Figure S2 ). Potential differences in water content among yeast variants cannot account for the thermal response as further dilutions (1:2, 1:4, 1:8) of both melanized and non-melanized yeast pellets showed no significant temperature differences following exposure to visible light ( Figure S3 ).
Pigment-dependent heat capture from sunlight was also observed in pigmented variants of Candida spp. Under normal growth conditions, Candida spp. exhibit cream pigment, but when grown in CHROMagar [20] , C. albicans turned yellowgreen; C. glabrata, pink; C. krusei, purple; and C. tropicalis, blue-green ( Figure 3A) . Notably, C. neoformans produces a purple-brown pigment when grown in this medium. In all cases, pigmentation resulted in higher apparent temperatures relative to cream variants, demonstrating increased energy capture from sunlight ( Figures 3B and 3C ). The pink yeast, Rhodotorula mucilaginosa, exhibited heating rates that were comparable to the darker-colored variants ( Figure 3C ).
Pigment-Mediated Heat Capture Affects Yeast Fitness
We compared the survival of L-Dopa-melanized versus nonmelanized C. neoformans cells following exposure to visible light. At an ambient temperature of 23 C, melanization resulted in higher temperatures and $25% decreased survival following irradiation ( Figure 4A&B ). However, melanization provided a growth advantage when cells were placed at 4 C under light exposure, conditions where non-melanized cells showed a >50% decrease in survival during a 72-hr incubation period ( Figure 4C&D ). In both experimental conditions, addition of 1% (mass per volume [m/v]) of exogenous L-Dopa melanin isolated from melanized C. neoformans reconstituted the thermal effect in the non-melanized sample. This reconstitution resulted in larger survival differences in comparison to melanized cells ( Figure 4B&D ). Together, these results demonstrate that color-mediated heat capture can impact yeast fitness, both negatively or positively, depending on the ambient conditions.
DISCUSSION
Biological or ecogeographical rules are often generalizations based on empirical observations of traits, such as body shape, size, and pigmentation, in living organisms and their environment. For example, the Joel Asaph Allen's rule states that some organisms' surface areas are determined by their thermal environment to limit or maximize heat exchange [24] . Another generalization, Gloger's rule [25] , states that darkly pigmented endotherms tend to be found in more humid environments and tropical regions, which can be explained by the different functionalities of pigments or biochromes: visual communication (camouflage, display), protection (UV sunscreen, pathogen resistance), and energy capture (photosynthesis, thermoregulation). Determining the contribution of pigments in ecogeography is further complicated by interrelated functionality-by definition, pigments absorb some fraction of the solar EM radiation spectrum, and absorption is necessary for energy acquisition and protection against excessive damaging insolation. Since visual communication is almost exclusively relevant to the Metazoa, it is reasonable that biochromatic absorption must serve a broader and more primitive role in optimizing microbiological relationships with environmental radiation [26] . In fact, many living organisms rely on pigments to optimize the energy exchange with their environment, thus determining their geographical distribution and adaptation to changes in climate [27] . Darkly pigmented organisms (high absorption or low reflectance of visible light) heat up faster and reach higher equilibrium temperatures than lighter pigmented ones (low absorption or high reflectance). Consequently, the TTM predicts that dark pigmentation is advantageous for maintaining ideal body temperatures in cold climates with restricted solar radiation-such as near Earth's poles-and disadvantageous near the Tropics where overheating is a concern [6, 27] . Despite numerous empirical observations with invertebrate and vertebrate ectotherms [1] [2] [3] [4] [5] [6] [7] [8] , the limitations in quantitative analyses and experimental confounders associated with the complex physiology and behavior of animal models, together with inconsistencies in thermodynamic methodologies, have prevented the generalization of the TTM to other life forms [2, 4, 6] . The associations between frequency of pigmentation, ability to grow at 37 C, and geographical location of yeast isolates, in combination with our quantitative analysis on the impact of yeast pigmentation in heat capture and thermal fitness, suggest that the TTM also applies to fungal biology. The contribution of color to microbial thermal fitness can exert strong endemic selective pressures considering their simpler behavior and physiology (i.e., relative dimensions, constrained temporal mobility) compared to metazoans. Our findings that yeast pigmentation was relatively more frequent outside the Tropics and prevalent in the Basidiomycota and that Basidiomycetes were more frequently isolated outside the Tropics are all consistent with previous observations that this phylum tends to be less thermotolerant than Ascomycetes [28] . We note that some dark-pigmented yeast isolates were also found inside Tropical zones and that light-pigmented isolates were found outside of Tropical zones. This is expected as microbial pigments serve functions other than thermoregulation (i.e., radioprotection, protection against amoeboid predators), which will exert their own endemic selective pressures and impact geographical distribution. While some fungal species are inherently colored (e.g., R. mucilaginosa), others produce pigments only when exposed to specific substrate compounds (e.g., C. neoformans), some which may be of microbial origin [29, 30] . In the latter cases, the geographical pattern in pigmentation may not only be an effect of the thermal environment but also the result of the geographical variation of the substrate. Ultimately, determining the weighted contribution of color-mediated thermoregulation in microbial ecology is expected to be niche and species specific and is therefore difficult to separate from other biochrome functions [31] . Further studies should consider additional geographical dimensions (e.g., altitude) and other biotic and abiotic environmental factors (e.g., humidity, microbiota) to better elucidate the adaptive role of colors in fungal ecology.
Our findings demonstrate how pigmentation increases thermal energy absorption from EM in yeast. In general, L-Dopamelanized yeast cells showed the highest heat capture across all frequencies tested, consistent with the broadband optical absorption of melanins and their effective transduction of radiation to heat energy [32, 33] . The comparison of heating rates among pigmented variants based on their average red-green-blue (RGB) values suggests the existence of a trend. Absolute measurements of reflectance as well as considerations about the molecular structure, dynamics, abundance, and cellular location of the different pigments may help define a quantitative colorheat relationship. Although some pigment precursors induced changes in cryptococcal cell body and capsule diameter, it is unlikely that such yeast size differences will carry significant thermal responses when comparing equal gram-level yeast masses. The negligible effect of the cryptococcal polysaccharide capsule in heat absorption is consistent with it being predominantly composed of water [34] . The differences in thermal response between Candida spp. exhibiting similar RGB values, although potentially associated with the instrumentation resolution and precision limits, could suggest that small differences in reflectivity could translate into significant differences in temperature increase. Alternatively, different thermal responses could be explained by differences in thermal properties between species.
Although this color-heat relation study was limited to two fungal species, the findings are likely to apply to other microbial life since light absorption by pigments is a physical property that is independent of the life form. While color-mediated heat absorption may be a general phenomenon, species-specific microbial physical properties should determine the dissipation and maximum amount of thermal energy a microbial mass could tolerate. In this context, biophysical models aiming to describe the flow of thermal energy in plants and animals to predict survival limits in a defined climate space [27] could also be applied to fungal communities. We note the similarity of fungal communities to ectothermic or poikilothermic animals, such as reptiles, that regulate their body temperatures by sunbathing or sheltering from sunlight. Extension of the TTM to microbial life provides new opportunities for evaluating biophysical models of heat transfer in genetically uniform and tractable systems that grow rapidly and are easily manipulated in the laboratory. For example, the yeast model allows for a large range of color variations, while naturally observed pigmentation in animal models are limited to fewer colors.
Pigment-mediated heat capture from radiation affected yeast fitness, both negatively and positively, depending on the ambient conditions. While melanized yeasts overheated when irradiated at ambient temperatures, non-melanized cells were relatively unaffected due to their high reflectivity. In cold temperatures, the presence of melanin provided a survival advantage, whereas non-melanized cells were at a disadvantage in maintaining a temperature permissive of growth. The differences in survival between melanized and non-melanized cells containing isolated melanin could be explained by a simple difference in melanin/yeast ratio and/or reflect the importance of melanin's cell wall association for optimal function. Depending on the conditions, melanin can act as both photo-protectant and photosensitizer [35] . Future studies testing a range of ambient temperatures to identify the thermal trends and optimum for a pigmentation level will enable the quantification of pigment effects on cell growth. The application of thermography and optical spectroscopy could provide new insights to microbial ecology based on color-temperature patterns. For instance, thermal imaging has been used to reveal that the spatial distribution of colored microbial communities in their natural setting is linked to thermal gradients [36] .
Pigment-mediated absorption of solar energy with conversion to heat represents a general mechanism in addition to photosynthesis for harnessing EM energy into useful biological energy. Another example of microbes using pigments for energy harvesting is the observation that melanotic yeasts manifest enhanced growth when exposed to ionizing radiation [37, 38] . Although the mechanism of energy transduction by fungal melanin is not fully defined, it is likely related to melanin's unique paramagnetic properties and ability to interact broadly with EM radiation [39] . Given that melanins are found in all kingdoms of life, and that their synthesis is easily catalyzed by simple enzymatic systems, they are likely to be ancient molecules that date from the earliest life on Earth [40] . Hence, melanin-mediated absorption of radiation energy with conversion to heat could have been an early mechanism for solar energy harvesting. Our findings may also help explain important questions in fungal ecology such as the contributions of microbial communities in shaping ecosystems via color-mediated heat capture from radiation. Today, radiation absorption by pigmented microbes is associated with damage to monuments and accelerated glacier melting, an alarming phenomenon contributing to global warming [41, 42] . Since microbial communities constitute a large part of Earth's biomass, understanding the light-absorbing properties of microbial biochromes is important in estimations of Earth's energy budget and predictions of ecological responses to climate change.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
EXPERIMENTAL MODEL AND SUBJECT DETAILS
Fungal species used in this study were: C. neoformans Serotype A strain H99 (ATCC 208821), C. glabrata, C. krusei, C. tropicalis, and R. mucilagenosa. Candida species were kindly provided by the Mycology Laboratory, Division of Medical Microbiology at JHU School of Medicine. R. mucilagenosa was isolated from a contaminated Sabouroaud agar plate in our laboratory. Pre-cultures from yeast frozen stocks were grown in Sabouroaud dextrose liquid media for 2 days at 30 C (shaking at 180 rpm). Pigmented C. neoformans cultures were prepared by inoculating a final concentration of $10 5 cells/mL to sterile filtered minimal media (15 mM dextrose, 10 mM MgSO 4 , 29.3 mM KH 2 PO 4 , 13 mM glycine, 3 mM thiamine-HCL; adjusted to pH 5.5) with or without 1mM supplementation of each pigment precursor: L-Dopa, methyl-Dopa, dopamine hydrochloride, norepinephrine, epinephrine, serotonin, taxofolin hydrate, 2-5-diaminobenzenesulfonic acid (2,5-DBSA), myricetin, 4-hydroxymetanilamide, catechin hydrate, 7,3 0 ,4'-trihydroxyisoflavone (7,3 0 ,4'-THIF), 3-amino-4-hydroxyphenyl sulfone (3N-4-HS) , DL-tyrosine. Note the unlabeled 16 th well in Figure 2B corresponds to a yeast sample grown in the presence of (-)-3-(3,4-dihydroxyphenyl)-2-methyl-L-alanine sesquihydrate and was excluded from further experiments due to scarcity of the compound. Yeast cultures were grown in parallel under dark conditions for 5 days at 30 C and shaking at 180 rpm. CHROMAgar plates were used to grow flat fungal lawns of Candida spp. and Cryptococcus spp. for 5 days at 30 C, which were then collected into falcon tubes by gently scraping the agar. Yeast cells were then washed three times by decanting the supernatant after centrifugation (15 min at 6,000 rpm). Compressed, wet, and viable yeast pellets were loaded into microtiter plates and used for thermal response experiments.
METHODS DETAILS Thermal response to irradiation
For each yeast sample, 1 g of wet yeast pellet was weighed (Ohaus, NavigatorXL NVL2101/1) on a 24-well polystyrene microtiter plate (Falcon 353047). Since the inner wells, B2-5 and C2-5, of the microtiter plate showed uniform heating ( Figure S4 ) these internal wells were preferentially used for all tests. The space between wells was filled with water to serve in thermal insulation between sample wells and improve the well definition in thermal images. Samples were first equilibrated at 4 C for a minimum of 2 h and kept inside an ice-cold Styrofoam box prior to irradiation. The cooling was done to maximize the temperature range between initial and final conditions. Solar irradiation was done by placing the lid-opened sample plate over a white Styrofoam platform exposed to direct sunlight (without cloud interference and keeping the plate perpendicular to incoming rays to ensure even irradiation on wells) while monitoring an average luminance of 90,000-95,000 (±4%) LUX using a Light Meter (Fisher Scientific) and ambient temperature (27.7-30 C) using a thermocouple. All solar irradiations were done at noon latitude 39.29, longitude À76.59. Irradiation experiments with artificial light sources were performed at the benchtop in a temperature-controlled room (22 ± 5 C, 50% relative humidity) using a white LED lamp (250 W, 1850 lumens, PAR38HO-E26-19W-4000K-25 , Green Creative) mounted 40 cm above the sample plate resulting in an average luminance of $65,000 LUX. The optimal plate position with respect to the LED bulb was calculated based on the light intensity distribution using a graph paper and a light meter ( Figure S4C ). Apart from solar exposure, all other irradiations using artificial light were done by placing the sample plate on a rotating platform at 8 rpm to maximize uniform irradiation. UV irradiation was done using a Stratalinker UV 1800 instrument equipped with 5 UV (254 nm) bulbs 18 cm above the sample plate, 8 W each, averaging 22,000 LUX. Infrared irradiation was performed using a heat lamp (120V/250 Watts, LR58060) placed at 50 cm above the sample plate averaging 70,000 LUX. Since radiation sources differ in their power (energy per square unit), the data within each light source can be treated quantitatively, whereas the comparison between different light sources can only be semiquantitative.
Thermography
Following irradiation, plates were immediately placed and imaged inside a white Styrofoam box (30 3 27 3 30 mm, 3.5 mm wall thickness) with a perforated lid to fit a FLIR C2 IR camera lens (FLIR Systems, Wilsonville, OR) set at 2.5 cm distance from sample. Camera specifications: 80x60-pixel thermal resolution; 640x480-pixel visual camera resolution; 7.5-14 mm spectral range of camera detector; object temperature range of À10 to 150 C, accuracy ± 2 C or 2%, whichever is greater, at 25 C nominal; thermal sensitivity: < 0.10 C; adjusted emissivity to 0.95. Apparent temperatures of yeast samples were obtained from IR images using the FLIR Tool analysis software Version 5.13.17214.2001. Data from all irradiations was presented as mean apparent mean temperature ± SD obtained from at least two individual experiments as noted in the figure legend (see Figures 2C-2F ). Heating rates of yeast samples were obtained from the solar irradiation data by calculating the slope of apparent mean temperature versus time using linear regression analysis (see Figure 2G ). The average RGB color values for each yeast color variant were measured from the visible FLIR C2 photographs using the ImageJ RGB Measure plugin [44] .
Spectroscopy
Melanized and non-melanized yeast wet pellets ($0.2 mL) were loaded on polystyrene lids (P35GC-0-14-C, MatTek Corp) and dried overnight at room temperature resulting in a thin biofilm. Absorption and reflection measurements were obtained using an Agilent Cary 5000 UV-Vis-NIR spectrophotometer. For accuracy, reflectance measurements were performed in an integrating sphere at an off-normal angle for specular reflection collection.
Clonogenic yeast viability
Melanized and non-melanized H99 C. neoformans were washed twice with fresh minimal media by centrifugation (5 min at 6,000 rpm, 23 C). Equal volumes (0.2 mL) of yeast pellets were loaded into the most inner wells of polystyrene microtiter plates using a 1 mL syringe. Thermal susceptibility to radiation was done using 48-multiwell plate (355078) lid-opened steadily placed 3 cm under white LED exposed to > 95,000 LUX at an ambient temperature of 22 ± 5 C and 50% relative humidity. Thermal advantage experiment was done by loading equal volumes (0.2 mL) of melanized and non-melanized yeast pellets into a 96-multiwell plate steadily placed 38 cm under white LED delivering $70,000 LUX, inside a metal chamber placed inside a cold room set to 4 C. Since growth under cold conditions required several days and liquid media tend to evaporate overtime, the wells were equally refilled with fresh minimal media throughout the incubation period maintaining equal volumes. Following light exposure, the apparent temperature of yeast material was immediately measured by thermography. To determine yeast survival, the whole content in the well was transferred to 1.5 mL Eppendorf tubes using washes with fresh minimal media producing a final cell suspension of 1 mL total volume. This cell suspension was diluted 1:100 times and yeast viability was determined by the 'tadpoling' assay [45] which determines the colony-forming units as the suspension is serially diluted 1:3 across a 96-well microtiter plate using liquid Sabouroaud media. Following a 24 h incubation at 30 C without agitation, yeast colonies at the bottom of wells were imaged by the BioSpot Analyzer as previously described [46] . Percentage survival was calculated based on the differential in mean gray values of microtiter wells (darker means more yeast growth) post-irradiation versus pre-irradiation or at time 0min from at least three replicas. Mean gray values were measured using ImageJ [43] . A decrease in mean gray value means less cells survived the treatment.
Light microscopy
One mL of yeast cultures was washed twice with PBS by centrifugation. Ten mL of cell suspension was mixed with 3 mL of India Ink solution and mounted in slides with glass coverslips and imaged with an Olympus AX 70 microscope using 40x objective. Capsule and cell body size was measured from three independent yeast cultures using the ImageJ software. To determine if the sizes varied significantly to the control sample we performed a Kruskal-Wallis non-parametric statistical test.
Melanin isolation
One liter of C. neoformans melanized culture was harvested by centrifugation (15 min at 4,500 rpm) and washed twice with PBS. The yeast pellet was suspended with equal volume of 6 N HCl and incubated 1 h at 100 C. Hydrolyzed material was washed three times with PBS and subjected to 3 consecutive Folch lipid extractions maintaining final mixtures to 8:4:3 chloroform:methanol:salinesolution. Delipidated melanin particles were dialyzed against distilled water overnight and lyophilized in a freeze-drying system (Labconco, Kansas City, MO).
QUANTIFICATION AND STATISTICAL ANALYSIS
Information on pigment expression, phylum, ability to grow at 37 C, and latitude of yeast isolates was obtained from the fungal culture collection website of the CBS -Westerdiik Fungal Biodiversity Institute (Ultrecht, the Netherlands; http://www.westerdijkinstitute.nl/ collections/) and additional references [13, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] . The color and growth data in the collection was recorded when strains were subcultured and inspected in laboratory conditions, such that the annotations of color pigmentation were based on human perception. For isolates lacking latitude data we used the coordinates of the country or city annotated and counted the number of isolates located inside and outside the Tropics of Cancer (25 ) and Capricorn (À25 ). Quantification of isolates was done using IF, OR, AND functions in Excel. For a table containing the raw data see Table S5 . A total of nine colors are defined in our datasets which were grouped into 5 color groups: Yellow-Orange, Pink-Red, and Brown-Black, white and cream. These 5 color groups were further categorized into dark (Yellow-Orange, Pink-Red, and Brown-Black) and light (white and cream) pigments. The rationale for the classification of light and dark color pigments and including the Yellow-Orange group in the dark-pigmented category was based on the RGB/3 and heating rate differences measured with C. neoformans pigmented variants where the yellow produced in the presence of 4-hydroxymetalinamide differed by $30 and 5%, respectively, from the white and cream of control and L-tyrosine samples. Chi-square tests for independence between phylum, growth/no growth at 37 C, and location in/outside the Tropics were performed between dark and light pigment categories and between each color group pairs using two variable contingency tables and the CHITEST formula in Excel. World map distribution of yeast isolates was generated with the BioloMICS software (BioAware, Hannut, Belgium). Analyses of variance were performed using GraphPad Prism, version 7.0c (GraphPad Software, Inc., Sand Diego, CA). Details for each statistical analysis, precision measures, exact value of n (and what n represents; sample size and number of replicates) for all shown data can be found in the figure legends. We used an alpha level of 0.05 for all statistical tests.
